Zablocki et aL5'8'9"10 have established that antigen 0 preparations isolated from bacilli of the family Enterobacteriaceae have a protective effect on the sensitivity to penicillin of gram positive bacteria (Staphylococcus aureus, Staphylococcus albus, Streptococcus pyogenes, Corynebacterium diphtheriae, Sarcina lutea, and Diplococcus pneum.oniae). The results of the considerably expanded investigation form the basis of the present communication.
employing the methods of Boivin,' Zablocki,' Morgan,' and Westphal.' A commercial preparation of E. coli (Difco, bacto-lipopolysaccharide) was also used.
The method of Zablocki for the isolation of the 0 antigen is as follows. A heavy bacterial suspension (5x1010 cells) is washed three times in distilled water and then suspended in water to the original volume. This suspension is frozen at -20°C. for 16 hours and then thawed at 37°C. for 8 hours. This procedure is repeated 15-20 times. The resulting autolysate is then centrifuged (8,000 rpm.) for one hour and the sediment discarded. The supernatant is filtered through a bacterial filter (Chamberland I.4 followed by Ls). To the opalescent filtrate after dialysis approximately 10 volumes of 95 per cent alcohol and 5 ml. of a saturated solution of NaCl are added. The resulting sediment (denatured protein and 0 antigen) is dried in vacuum over P205.
The dried material is ground in a mortar with the gradual addition of distilled water to 100 ml. (denatured protein not going into solution). After centrifugation at 8,000 rpm. for 30 minutes, the sediment is discarded and the supernatant containing the 0 antigen is lyophilized dry. Staphylococcus aureus strain NHL is highly sensitive to the action of penicillin (inhibitory dose = 0.048 units/ml. Protective effect technique. To each of 15 Wassermann tubes 0.5 ml. of a suspension of 200,000 cells/ml. of Staphylococcus aureus NHL was added. Then, 0.5 ml. of the proper sterile 0 antigen dilution was added, and the resulting mixture incubated for 1 hour at 370 C. After incubation, 1.0 ml. portions of pencillin G, serially diluted (200 units to 0.01 units/ml) in Difco nutrient broth, were added to tubes 1-14.
Tube $15 was a control lacking penicillin. A second control consisted of a row of 15 tubes, each containing 0.5 ml. of saline in place of the antigen. The results of bacterial growth were read after 24 hours' incubation at 370 C. All procedures were performed under sterile conditions. When the solution of antigen 0 was highly opalescent, determination of growth was carried out in the following medium: nutrient broth, 1 per cent dextrose, and brom cresol purple as an indicator. A change in indicator color from purple to yellow denoted growth.
RESULTS
The results of the comparative investigation of the protective activity of the various preparations of the 0 antigens are presented in Table 1 .
From the data in Table 1 the following conclusions can be made: 1. Both of the preparations after Zablocki are highly effective in protecting S. aureus NHL against the action of penicillin. It can be seen that an inhibitory dose of 100 units per ml. was required as compared with 0.04 units per ml. for the control without antigen 0.
2. Of the two preparations of antigen 0, after Morgan, only the first proved effective in the protection of the bacterium against penicillin; the activity, however, was much below that of Zablocki's antigen. 3. The preparations of the 0 antigens after Boivin, Westphal, and Difco showed no protective effect on S. aureus NHL against penicillin.
The minimum protective dose of the antigen 0 after Zablocki is presented in Table 2 .
The protective activity of the 0 antigen appears only against penicillin, and is therefore highly specific (Table 3) . It is interesting to note that antigen 0 shows no protective activity against "Staphcillin," a synthetic penicillin which has been shown to inhibit the growth of staphylococci which are resistant to the action of penicillin.
Other antibiotics (streptomycin, erythromycin, aureomycin, terramycin, and chloromycetin) were also investigated by Zablocki et al.5 and were shown to be unaffected. The mechanism of the protective activity of the 0 antigen. In a previous paper Zablocki and Rolicka8 have shown that there is no direct effect of antigen 0 preparations from gram negative bacteria on penicillin itself. It is thus postulated that the mechanism for the protective activity of the 0 antigen against the action of penicillin on Staphylococcus aureus is due to the "coating" of the surface of the bacterial cell with molecules of the antigen. This coating presumably causes an inhibition in the transport of the antibiotic across the surface of the sensitive cell. It is also thought that the surface of the gram positive cell has some chemical affinity for the 0 antigen, and is able to absorb this from solution. In support of the above postulated mechanism are the following experiments and results: 1. After incubation of staphylococci for one hour at 370 C. with antigen 0 after Zablocki, the cells were centrifuged for two hours and then washed with 0.85 percent NaCl. The cells were found to preserve their resistance to penicillin, as is shown in Table 4. 2. An estimation of the total carbohydrate concentration (Anthrone Method) in the supernatants, after incubation at 370 C. and centrifugation of the staphylococcus cells mixed with antigen 0 (after Zablocki), showed that a significant amount of the antigen was removed from solution (Table  5 ). Since there is a small quantity of carbohydrate in the control tube (#4), one must subtract this from the amount of total carbohydrate in the test tube (#1). G-Visible growth.
DISCUSSION
The results of this series of experiments raise the question of the existing differences among the various preparations of the 0 antigens. The chemical structure of the native antigen 0 in the bacterial cell wall is as yet not known for any species. By diverse chemical methods of extraction and purification, many investigators have been able to obtain 0 antigens or lipopolysaccharides which appeared to be different in their chemical properties, but preserved their serological (bound with the polysaccharide moiety) and toxic activities. Goebel et al.1 have found that the toxin component T is bound with the protein or polysaccharide, depending upon the method of hydrolysis. Westphal7 concludes that the toxic and pyrogenic activities are caused by lipid A.
From the five different preparations of the 0 antigen, as mentioned above, only the ones isolated after Zablocki or Morgan protect antibioticsensitive gram positive bacteria against penicillin, although not against a variety of other antibiotics.
It is hypothesized that the natural resistance of the gram negative bacilli against the action of penicillin is probably due to the chemical structures of their surfaces, which contain, as we know, the antigen 0. Thus, the transfer of this antigen 0 from solution to the surface of the gram positive bacteria makes the latter also resistant to the action of the penicillin.
We propose to differentiate two types of antigen 0: (i) "complete" antigen 0 of Zablocki and Morgan which, upon being absorbed by the (Zablocki et al.5) .
It can thus be concluded that the antibiotic protective effect of the "complete" 0 antigen is due to the following: 
SUMMARY
From the data that have been presented in this paper, as well as in previous reports,"'8'9'10 the following can be concluded:
1. One must distinguish two types of 0 antigen: a) "complete" antigen 0, which seems to be chemically near to that of the native antigen in the cell wall and has the activity of protecting the gram positive bacteria against the action of penicillin; and b) "incomplete" antigen 0, which, during the process of chemical extraction and purification, has lost the ability to protect the cells against penicillin.
2. From the five investigated preparations of antigen 0 only those isolated by the methods of Zablocki and of Morgan have preserved their protective activity, and therefore can be referred to as "complete" antigen.
3. The protective activity of the "complete" antigen 0 is highly specific against penicillin but not against the other antibiotics examined.
4. The mechanism of the protective activity of the 0 antigen depends upon two factors: upon the completeness of the antigen and upon the absorbing ability (chemical affinity) of the surface of the penicillin-sensitive gram positive bacteria for the "complete" 0 antigen.
5. The natural resistance of the gram negative bacilli against penicillin is probably bound with the chemical structure of their surface which contains the complete 0 antigen.
